アーモンドにおける粒の大きさが咀嚼に及ぼす影響 by 神山 かおる et al.
アーモンドにおける粒の大きさが咀嚼に及ぼす影響



































13食総研報（Rep. Nat'l. Food Res. Inst）No.69, 13－17（2005）［報　文］
Abstract
Electromyography (EMG) of jaw-closing muscles was recorded in order to quantify the mastication while eating nuts, which
are difficult to chew. The same weights (1.3 g) of almond samples were served in different particle sizes (whole, sliced, and
diced). Ten healthy women masticated the samples normally. The sliced and diced almond samples required more chewing
strokes and longer mastication time until swallowing than a whole almond. EMG amplitude, duration of contraction, muscle
activity corresponding to chewing work, and cycle time per chew were not significantly different among the three preparations,
when averaged values for the entire chewing period were compared. At the first bite, the values of duration and muscle activity
for the whole sample were greater than for the other two samples.  However, the differences were not significant from the second
chews. Sliced and diced almond samples exhibited similar EMG parameters. These results reveal that decreasing the particle size
of almond by slicing or cutting can reduce muscle work in the first bite, but increases total mastication effort until swallowing. 
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Fig. １ Almond samples served to subjects















































Fig. 2.  Stress-strain curves of almond samples
Fracture strain and stress, stress values at 5, 10,
20, 30, 40, 50, 60, 70, and 80% compressive strain
are calculated. Mean and standard deviation val-
ues of 28 trials are plotted. Arrows represent the
fracture points.               
EMG parameters F-ratio P Whole Sliced Diced
Number of chews 12.43 0.000 23.3 ±9.8 a 33.9 ±16.0 b 34.3 ±16.2 b
Masticatory time (s) 12.67 0.000 13.8 ±3.8 a 20.0 ±6.0 b 20.1 ±5.6 b
EMG duration per chew (s) 1.03 0.349 0.262 ±0.037 0.254 ±0.043 0.256 ±0.036 
Amplitude (mV) 1.11 0.351 1.85 ±0.79 1.78 ±0.82 1.82 ±0.87 
Muscle activity per chew (mV・s) 3.91 0.073 0.0452 ±0.0235 0.0412 ±0.0201 0.0426 ±0.0219 
Chewing cycle time (s) 0.22 0.801 0.626 ±0.091 0.633 ±0.107 0.632 ±0.100 
Sum of EMG duration (s) 12.53 0.000 5.98 ±1.97 a 8.19 ±2.77 b 8.45 ±3.07 b
Sum of muscle activity (mV・s) 7.05 0.017 1.04 ±0.65 a 1.31 ±0.69 a 1.31 ±0.70 a
Table１　Influence of particle size of almond samples (1.3 g) on EMG parameters during mastication
Mean±S.D. of 10 subjects.































































Table２　Effect of particle size on EMG parameters per chew
EMG parameters Cycle F-ratio P Whole Sliced Diced
EMG duration (s) 1 8.96 0.002 0.393 ±0.122 a 0.317 ±0.079 b 0.298 ±0.077 b
2 0.17 0.847 0.296 ±0.068 0.306 ±0.076 0.292 ±0.044 
Amplitude (mV) 1 0.49 0.545 1.48 ±0.66 1.41 ±0.81 1.28 ±0.51 
2 0.31 0.618 1.63 ±0.86 1.53 ±0.43 1.46 ±0.49 
Muscle activity (mV・s) 1 6.08 0.025 0.0545 ±0.0290 a 0.0385 ±0.0166 a 0.0360 ±0.0163 a
2 0.23 0.795 0.0438 ±0.0226 0.0440 ±0.0165 0.0407 ±0.0139 
Chewing cycle time (s) 1 2.89 0.113 0.718 ±0.120 0.645 ±0.122 0.637 ±0.137 
2 1.28 0.291 0.608 ±0.088 0.635 ±0.147 0.591 ±0.075
Mean±S.D. of 10 subjects.




















03）Heath, M. R., Dietary selection by elderly persons, relat-







06）Manly, R. S. and Braley, L. C., Masticatory performance
and efficiency. J. Dent. Res., 29, 448-462 (1950).
07）Akeel, R. F., Masticatory efficiency. A literature review.
Saudi Dent. J., 4, 63-69 (1992).
08）Kohyama, K., Mioche, L. and Martin, J.-F., Chewing
patterns of various texture foods studied by electromyo-
graphy in young and elderly populations. J. Texture
Stud., 33, 269-283 (2002). 
09）Kohyama, K., Mioche, L. and Bourdiol, P., Influence of
age and dental status on chewing behaviour studied by
EMG recordings during consumption of various food
samples. Gerodontology, 20, 15-23 (2003).
10）Kohyama, K. and Mioche, L., Chewing behavior
observed at different stages of mastication for six foods
studied by electromyography and jaw kinematics in
young and elderly subjects. J. Texture Stud., 35, 395-416
(2004).
11）Nakazawa, F. and Togashi, M., Evaluation of food tex-
ture by mastication and palatal pressure, jaw movment
and electromyography. In“Food Hydrocolloids Part 2”，




13）González, R., Monfoya, I., and Cárcel, J., Review: The
use of electromyography on food texture assessment.





15）Kemsley, E. K., Defernez, M., Sprunt, J. C., Smith, A.
C. Electromographic responses to prescribed mastica-
tion. J. Electromyogr. Kinesiol., 13, 197-207 (2003).
16）Kohyama, K., Kobayashi, S., Hatakeyama, E. and
Suzuki, T. Electromyographic study of mastication of




18）Holm, S. A., A simple sequentially rejective Bonferroni
test procedure. Scand. J. Statist., 6, 71-76 (1979).
19）Kohyama, K., Sakai, T., and Azuma, T., Patterns
observed in the first chew of foods with various textures.
Food Sci. Technol. Res., 7, 290-296 (2001). 
20）Bourne, M. C., Body-texture interactions, In“Food
Texture and Viscosity, 2nd Ed.”, (Academic Press, San
Diego), p.33-57 (2002).
17
